A dynamic general-equilibrium model with limited participation in financial markets is constructed to study the determination of nominal exchange rates in a small open economy with tradable and non-tradable goods. The qualitative and quantitative implications of this framework are assessed under flexible prices. Then, the panel dynamic OLS regression is applied to seek the empirical support for this liquidity-exchange rate model, a slight departure from the standard monetary-exchange rate model. The findings in the present paper shed light on the cointegration between the macroeconomic fundamentals and nominal exchange rates.
Introduction
The last two decades have witnessed dramatic innovations in both the theory and the empirical understanding of international finance, with the development of the "New Open Economy Macroeconomics" (NOEM). However, a number of challenges remain. One of the most widely debated and still not-well-answered questions is how nominal exchange rates are determined.
Since the outset of the recent float in the early 1970s, a variety of research avenues for the exchange rate determination have been constructed. Among them, the monetary model remains a dominant paradigm, which suggests a long-run equilibrium relationship among the relative money stocks, the relative income levels and the nominal exchange rates (Frenkel 1976) . However, the development of this monetary approach is accompanied with extensive and unresolved debates regarding its empirical validity. Many previous empirical studies have not established sufficient evidence to verify the suggested relationship between the exchange rates and macroeconomic fundamentals. Meese and Rogoff (1983 a) argue that the conventional monetary-exchange rate models can not significantly outperform a naive random walk in explaining the behavior of nominal exchange rates. This casted a devastating critique of standard monetary models and marked a watershed in exchange rate economics. Then, new methods to test the model are constantly springing up, and the results are mixed. For instance, the cointegration technique is used by MacDonald and Taylor (1993) to examine the validity of the forward-looking monetary exchange rate models. Empirical support was found, but such a test failed on a longer span of data (Sarantis 1994) . Recently, the attempt in determining exchange rates through monetary models has seemed to claim more success. By employing a panel of time series data, Mark and Sul (2001) successfully improved the power of the tests. Their results show that variations in monetary fundamentals induce deviations of exchange rates from the equilibrium level. Therefore, such co-movement could be used to study the exchange rate dynamics, which restored some hope in the standard monetary model.
Most of the previous research, as mentioned above, mainly relies on the sophistication of econometric techniques to generate statistical evidence in favor of the existing economic theory. However, not much attention has been really directed to the theory itself, the underlying mechanism that governs the exchange rate behavior. Our paper attempts to revisit the benchmark model of exchange rate determination from another perspective. In addition to the aggregate money stock, we will examine the impact of money diffusion on exchange rates in this framework, where monetary policy is introduced by open market operations. Then, we investigate the way in which such a liquidity effect relates to the exchange rate dynamics.
1 To take a closer look at the purchasing power parity (PPP), one of the fundamental building blocks of monetary exchange rate models, we assume in the present paper that the production is endogenized, with two different goods sectors coexisting in each country: the non-tradables and tradables. Therefore, the law of one price is generally broken, even in an environment with flexible prices. Nominal exchange rates are now determined not only through financial transactions, but also through the transactions in the tradable goods market.
Another interesting feature in this environment is how we will model the liquidity effect, the so called distributional effect of monetary policy. To explore the propagation of monetary shocks, two broad classes of models are available in the literature, sticky price and limited participation. In a voluminous recent literature, the sticky price model has become the workhorse of monetary policy analysis in both the closed-economy and open-economy, where the adjustment in prices is sluggish. For instance, Obstfeld and Rogoff (1995) , Hau (2002) , and Clarida, Gali and Gertlerc (2002) . At the same time, some effort has been devoted to limited participation models (liquidity models, hereafter), where monetary policy plays a role in the economy due to its asymmetric distributional effects on economic agents. That is the impact of monetary policy will diffuse gradually in the economy and different economic agents will be affected at different timings. Recent work on liquidity effects in a closed economy was initiated by Grossman and Weiss (1983) , and further developed by Lucas (1990) and Fuerst (1992) . Then, Schlagenhauf and Wrase (1995) , Grilli and Roubini (1996) and Alvarez, Atkeson and Kehoe (2002) There is no sufficient evidence so far to distinguish the performance of sticky price and liquidity models. In the present paper, we will pursue the "liquidity" path by incorporating the frictions of limited participation into financial markets. Then, a small open economy model is laid out to study the role of liquidity effect in the exchange rate determination. The theoretical results show the cointegration between the nominal exchange rates and an expanded set of macroeconomic fundamentals. The speed at which the additional liquidity diffuses in the economy does affect the exchange rates. Later, a special case of this revised monetary model is tested against a collection of six OECD countries using monthly data running from 1985 to 2005. Specifically, we pool the time series data and then adopt the panel dynamic OLS method proposed by Mark and Sul (2001) . The generated statistical evidence lends support to our model. The remainder of this paper is organized as follows. In Section 2, the theoretical model is laid out. In Section 3, the representative household's problem is characterized and equilibrium conditions are derived. In Section 4, the panel dynamic OLS regression is applied to seek an empirical support for the theoretical model. Section 5 concludes.
The Model
Consider a world consisting of two countries: Home and Foreign, between which consumption goods are traded. Three types of markets exist in each country, a financial market, a tradable goods and a non-tradable goods markets that open and close sequentially. The two countries are (ex-ante) symmetric. Without loss of generality, we will only describe the Home economy, with the understanding that similar expressions are employed to characterize the Foreign economy. All Foreign variables are denoted with an asterisk. Each country is inhabited by a unit mass of infinitely lived households. In a given country, each household is specialized in producing some goods but wishes to consume goods that are different from its own products. Therefore, exchange is necessary for consumption. The absence-of-double-coincidence of wants is assumed, which provides a role in this economy for fiat money and credit. A representative household is consisted of a credit buyer, a continuum of financial transactors of mass 2, a continuum of workers and a continuum of cash shoppers with mass 1, respectively. In particular, the credit buyer dwells at the non-tradable goods market, while the shoppers with cash wonder in the tradable goods market. Each worker is endowed with a flow of one unit of time every period. At any point in time, a worker is either working or enjoying leisure. The heterogenous wealth distribution and endogenized labor supply decision introduce idiosyncratic risks into this model. Following Lucas (1990) , we group different agents into large households, in which each agent shares the same amount of consumption and regards the household's utility as the common objective. Therefore, idiosyncratic risks across agents are smoothed out within each household. Agents' decision problem can be simplified as a representative household's maximization problem.
The Government
Monetary policies are conducted by the government via open market operations in the model. In period t , the government in the Home (Foreign) country chooses the quantity of within-period nominal bonds to issue, denoted by ) (
, such that The specification of monetary policy is generally controversial. Bernanke and Blinder (1992) argue federal fund rate is superior to monetary aggregate and treasury bill rate in predicating monetary policy. Christiano and Eichenbaum (1992c) claim that innovations to nominal non-borrowed reserves measures the stance of monetary policy well. Walsh (2005) modeled policy shocks with innovations to the nominal interest rate. Williamson (2004) , however, identifies the monetary policy by changes in the monetary aggregate. In this paper, we follow Williamson (2004) to focus on monetary policy shocks embodied by a monetary aggregate change, although it is realized that not all changes in monetary aggregate are necessarily caused by monetary policy shocks. The financial market structure in the model is complete and relatively standard in the literature.
The Representative Household
Since the Home and Foreign country are isomorphic, we focus on the behavior of a representative Home household and provide details only for Home households' objective and trading opportunities. Note that, since cash-holding transactors have already left the household, the household cannot revise its consumption decision about tradable goods according to the changed financial market circumstances. That is, after t  is disclosed, the money allocated for tradable goods is already locked in and cannot be readjusted.
The asset market opens. Bonds denominated in home and foreign currencies are bought and sold there. For instance, each home (foreign)-currency-denominated bond is issued at a price t q ( * t q ) at the beginning of period t and promises a delivery of 1 unit of home (foreign) currency at the end of the period. Since no overdraft is allowed on reserve accounts, the purchase of bonds faces a cash-in-advance constraint. Then, asset market closes and these financial transactors move to the non-tradable goods market, where credit buyers purchase goods using within-period IOUs. All such credit will be cleared by fiat currency through financial intermediaries at the end of the period. Now, let us turn to the tradable goods market. After the cash is evenly distributed, each shopper faces with two itineraries, which we call itinerary 1 and itinerary 2. Along itinerary 1, shoppers travel to the domestic tradable goods market, while itinerary 2 leads them to the foreign tradable goods market. Let 
. Labor is assumed to be internationally immobile. Then, workers in the non-traded goods sector produce output and sell each unit at a price nt P in exchange for IOUs, while workers in the traded sector hands out goods at rt P for money. Later on, credits clear and bonds pay off. All residual balances and trade receipts are collected and possessed by the financial transactors in each market, respectively. Immediately after that, financial transactors are randomly relocated by nature. A financial transactor who is at a given location at the end of the period will be allocated to the other location with probability , and stay in the same location with probability   1 , where
Note that  determines how fast the impacts of monetary policy are distributed within an economy and across countries. We assume that a zero-profit trade intermediary exists, which helps to implement currency exchanges. Such currency conversion is costless and can be done instantly by this intermediary according to the prevailing market exchange rate. This assumption implies that shoppers only need to hold home currency when walking around in the goods market.
The Goods Market
Two sectors of production exist in each economy, the tradable goods market and non-tradable goods market. Labor is the only factor that is employed to produce goods, that is
, denoting the non-traded and traded goods sector, respectively. Note that, t A ( * t A ) is the labor productivity shock in the home (foreign) country, which is universally identical for all workers in that country. Breaking up a country's products into two dichotomous categories is relevant for at least three reasons. First, non-tradable goods take a substantial share of aggregate consumption baskets. Secondly, its presence helps to explain the volatility of nominal exchange rates. Thirdly, with non-tradables, consumption levels are not necessarily equalized across countries in response to some aggregate productivity shocks, or move in a synchronized fashion. That implies productivity shocks could exert distinct impacts on consumption across countries. It follows that nominal exchange rates are tied down by traded goods in equilibrium.
The Household's Problem
A representative household maximizes its expected intertemporal utility:
where 0 E represents the expectation conditional on information available at time 0,  is the time discount factor, t C denotes the consumption bundle in period t and t L is amount of the working time. We assume that ) ( u is strictly increasing, strictly concave, twice differentiable, with
. And ) (  is increasing, strictly convex, and twice differentiable, with
The composite consumption C is defined as follows:
where r C and n C represent the consumption of tradable and non-tradable goods, respectively,  corresponds to the intratemporal elasticity of substitution between these two types of goods, and
is the relative weight that households put on tradable goods. This parameter is allowed to vary across countries. Similarly, the tradable goods basket r C is further composed by home-made goods h C , and foreign goods f C . That is, 
represents the amount of money held by the financial transactors in market j at the end of period t , but before the relocation, t T the lump-sum taxes paid by the household in period t , and t S the nominal exchange rate (domestic currency price of 1 unit of foreign currency). In this model, traded goods are priced in the producer's currency, while the non-traded goods prices are denominated in the consumers' currency.
The financial transactors in [1, 2] should satisfy the cash-in-advance constraints in the traded goods market as well:
The above two cash constraints can be combined into the following 
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Next, let me substitute the expression of c into the utility function and let 1  , 2  , 3  and 4  denote the multipliers associated with constraints (6)-(9). The first-order conditions then imply that
Combining equation (12) and (13) 
To use the above expression for t e to study the empirical behavior of the nominal exchange rates, we make an additional assumption that the representative households have CRRA utility function. Then, by equation (3) and (4), the ratio of marginal utility of h c and f c is (14) and (15) into e , the long-run equilibrium value of the nominal exchange rates can be determined as Thus, Equation (16) not only encompasses the existing monetary models of the exchange rate, but also incorporates some new embellishments, such as the degree of economic openness ( ), the home-bias toward traded goods ( ) and the distributional effect of monetary policy shocks across countries ( ), where  is an index locating between 0 and 1. It measures how fast that a monetary policy shock diffuses within an economy and transmits across borders. . It says after a contractionary money shock occurs in the Home country, the faster it distributes, the more the home currency appreciates. It is known that the monetary diffusion ( ) depends on many factors in the real economic world, including the soundness of financial system, the efficiency of central banks, and so on. Therefore, assigning an appropriate value to requires an overall evaluation of a country's monetary system and financial markets.
By far, we have shown the cointegration between nominal exchange rates and economic fundamentals in a theoretical framework. In the next section, we turn to question the statistical robustness of this study by employing the panel dynamic OLS regression suggested by Mark and Sul (2001) . To make the following analysis easier, we will consider a special case of equation (16) Obviously, equation (16) and (17) indicate a slight departure from the conventional exchange rate determination. They capture in a simple way the basic idea, that nominal exchange rates are not only associated with the underlying macro-fundamentals, such as the aggregate money stock, the aggregate consumption of tradable goods, the degree of economic openness and the distributional effect of monetary policy, but also closely connected to some micro features, including the intratemporal elasticity of substitution between Home and Foreign tradable goods and the bias toward home-made goods.
The Statistical Testing of the Model

The Data
The data set consists of monthly time series observations for the nominal exchange rates, the broad money supply (M3) and the real industrial production. The degree of openness ( k  ) is measured by [(industrial imports + exports) / total industrial production], from 1985:M1 to 2005:M12 for six OECD countries, namely Canada, Denmark, Japan, Sweden, United Kingdom and the United States. In the following analysis, the value of industrial products in each country is regarded as their domestically-made tradable goods. All variables are constructed by taking the United States as the numeraire country. The data were extracted from the SourceOECD and U.S Federal Reserve St. Louis. All data are seasonally adjusted.
Econometric Methodology
The United States is regarded as the "numeraire" , labeled as "0" country in the empirical study. Let kt s denote the log nominal exchange rate between country 5 ,... 2 , 1  k and the "numeraire" country in time t . To simplify the analysis, equation (17) is used and rewritten into a log-form as: The econometric analysis focuses on panel estimation of the following equations:
where k indexes country k in consideration, k  indicates a country-specific effect,  represents a time-specific effect that allows us to explain a limited amount of cross-sectional dependence, and kt u is the residual idiosyncratic error. To control for the possible asymptotic bias, Mark and Sul (2001) suggest that, the current value and k h leads and lags of 1   kt x should be included in the regression, that is
. Under the current econometric specifications, the null hypothesis is no cointegration exists between the nominal exchange rates and the macro-fundamentals, or The results of the panel dynamic OLS regression for the cointegration test are reported in Table 1 , where the significance level is chosen at 5%. The statistical result shows that the null hypothesis of no integration between the macro-funamentals and the nominal exchange rates is rejected, when the U.S dollar is selected as the numeraire currency. In addition, this result is robust to different values of , the intratemporal elasticity of substitution between home and foreign tradable goods. This statistical test, therefore, provides a simple glimpse of the validity of this liquidity-exchange rate model.
Conclusion
Since the collapse of the Bretton Woods system, increasing attention has been focused on the links between the nominal exchange rates and macro fundamentals, suggested by the standard monetary theories of exchange rate determination. However, few of the previous studies have obtained satisfactory success. The "exchange rate determination" problem is far from being resolved.
Our paper is a reappraisal and also an extension of the previous literature. It tries to determine the exchange rates by taking liquidity effects into consideration. A symmetric two-country model incorporated with limited participation and tradable and non-tradable goods are constructed to examine the cointegration between exchange rates and other economic indicators.
The model results show the way in which the nominal exchange rates relate to a set of economic fundamentals, including the degree of economic openness, aggregate money stock, consumption of tradable goods, the home-bias toward domestic goods and in particular, the distributional effect of monetary policies across countries. Then, a panel dynamic OLS regression is applied to investigate the empirical fit of a special case of the model. The statistical testing results are found in favor of this model, a departure from the conventional monetary model of exchange rate determination.
The encouraging evidence obtained in this study also impels us to explore, in the future work, whether there is any economic value to the predictive power of economic fundamentals for nominal exchange rates.
